The Health and Safety Executive (HSE) in Great Britain (GB), in association with its stakeholders, developed the Control of Substances Hazardous to Health (COSHH)-Essentials (C-E) control banding tool in 1998. The objective was to provide a simple tool for employers, particularly small and mediumsized enterprises (SMEs), to help select and apply appropriate measures for the adequate control of exposure to hazardous substances. The tool used hazard classification information (R-phrases) to assign substances to one of five health hazard groups, each with its respective 'target airborne concentration range'. The validity of the allocation of substances to a target airborne concentration range was demonstrated at the time using 111 substances that had a current health-based Occupational Exposure Limit (OEL) in GB. The C-E control banding approach remains an important tool to complement exposure assessment/monitoring and the selection and use of suitable control measures for hazardous substances. These include engineering controls and personal protective equipment (PPE). The C-E based control banding approach has been adopted around the world. This paper extends the original validation exercise, using a greater number of chemical substances, to establish whether the target airborne concentration ranges remain appropriate. This is of particular interest in light of the introduction of the Globally Harmonized System (GHS) for classification, in which R-phrases have now been replaced by hazard-statements (H-statements). The validation exercise includes substances with OELs published by nine bodies internationally; and the Derived No-Effect Levels (DNELs) assigned by registrants under the European Union-Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) Regulations. When compared against 8-hour TWA OELs for 850 substances drawn from nine bodies and a limited number of DNELS, the C-E target airborne concentration ranges remain valid. This comparative work also informs a wider consideration around the practicality and the applicability of the C-E generic approach to facilitate the implementation of Annals of Work Exposures and Health, 2017, Vol. 61, No. 3 271 good practice control for a wide range of substances (more than 95%) which do not have any recognized OEL.
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Background
The forerunner to contemporary Occupational Exposure Limits (OELs) was published by the American Conference of Governmental Industrial Hygienists (Cook, 1945; ACGIH, 1947) and later came to be known as the 'threshold limit values' (TLVs®). For the last 70 years, many national regulatory authorities and their governmental agencies and advisory bodies, such as the National Institute for Occupational Safety and Health (NIOSH-USA) and the Scientific Committee on Occupational Exposure Limits (SCOEL-European Union), and professional organisations worldwide (e.g. ACGIH; IOHA; DFG-Germany) have invested significant resource and effort to help develop OELs. While TLVs® may have formed the basis of some of these OEL lists, there has been significant divergence over the years as can be seen in Figure 1 .
Despite the good intention, efforts, and significant investment by these bodies, OELs have only been set for a small fraction (about 3000 substances worldwide) of over 100,000 chemicals that are currently manufactured and used in industry (Gardner and Oldershaw, 1991; Woutersen, 2006; Adkins et al., 2009; Bender et al., 2014) . Based on this experience and the efforts invested over many decades, there is a recognition among occupational hygienists and others that it is impractical to set OELs for such a large number of chemical agents (Oldershaw, 1989; Gardner and Oldershaw, 1991; Woutersen, 2006; Deveau et al., 2015) . A variety of reasons are cited including the resource requirements needed for data generation, data documentation, and the evaluation of the dataset (Schenk, 2011) .
Most importantly, OELs, established by different agencies for the same substance may vary by many orders of magnitude, reflecting the evolving databases, divergent methodologies, philosophies, and approaches brought to bear when setting them (Piney 1989; Woutersen, 2006; Wheeler et al., 2015; Deveau et al., 2015) . For example, not all such limits are health-based; TLVs® were set as guidance values only and not for enforcement, yet their adoption by other authorities has been for use in enforcement as seen from the way they are published.
The 'safety' of TLVs® as cut-offs between safe and dangerous conditions has been questioned over many decades (Smyth, 1962; Castleman and Ziem, 1988; Piney, 1989; Roach and Rappaport, 1990) . ACGIH recognized this issue as far back as 1958 (Piney, 1989) . It considers that TLVs® are intended only for 'use in the practice of occupational hygiene by trained occupational hygienists as a guideline and the values have not been developed for use as legal standards ' (ACGIH, 2016) . Furthermore, 'TLVs® are not fine lines between safe and dangerous concentrations ' (ACGIH, 2016) . Given these robust statements by ACGIH, TLVs® may be considered as pragmatic numbers. In other words, TLVs® have been established only as a guide, to help occupational hygienists to determine and assess the effectiveness of exposure controls, not as either regulatory limits or exposure levels that guarantee any particular level of protection. Voullaire et al. (1995) found that air sampling for testing 'compliance' with OELs was performed in only 1-2% of small and medium-sized enterprises (SMEs) in Germany. Bartels (1998) reported that only one percent of all companies, in Germany, carried out inhalation exposure monitoring. Based on the experience of the authors, this finding is likely to be repeated, even now, in many other developed and developing countries.
Nevertheless, some occupational hygienists consider that OELs are paramount for the practice of occupational hygiene (Adkins et al., 2009; Borak and Brosseau, 2015) . Others question the need for OELs and the processes involved in setting them (Ziem and Castleman, 1989; Oldershaw, 2001; Walters et al., 2003; Howard, 2005; Woutersen, 2006; Schenk and Palmen, 2013) .
In 1988, the Control of Substances Hazardous to Health (COSHH) Regulations (see HSE (2002) for the current version) were introduced in Great Britain (GB). Regulation 7 of COSHH places the duty on employers to prevent or, where this is not reasonably practicable, to adequately control exposure to hazardous chemicals. The assessment of adequate control may involve air monitoring and the testing of compliance with current OELs. The requirement for assessing adequate control of exposure also prompted the Health and Safety Executive (HSE) in GB to consider means of providing help to dutyholders in complying with COSHH when dealing with substances not having an OEL. As far back as 1990, Gardner and Oldershaw of HSE recognized many of the issues cited above and the potential for innovation. They proposed an idea for setting guidance exposure values for many thousands of chemicals, centred around the use of exposure ranges or banding, then known as pragmatic exposure-control concentrations (PECCs). This approach was based on using readily available toxicological information already considered during hazard classification of chemicals (EC, 1967) and used in developing OELs. To test the idea, they used hazard phrases (R-phrases) for three groups of volatile organic substances, those classified as harmful (R20), toxic (R23), or very toxic (R26) by inhalation. Soon after this leading-edge publication (Gardner and Oldershaw, 1991) , Money (1992) published a structured control banding approach to occupational hygiene in the design and operation of fine chemical plants. This approach concentrated on carcinogenic substances, namely aromatic amines and other nitro compounds used in the colourant chemicals industry, many of which did not have OELs. In subsequent publications, the UK Chemical Industries Association (CIA, 1997; Guest, 1998) proposed that other chemical substances could be allocated into exposure bands with guidance airborne exposure-control ranges, using readily available indicators of toxicological hazards. The intention was to help their members comply with Regulation 7 of COSHH.
The developing political, economic, social, technological, and environmental (PESTLE) challenges and opportunities (some of which are described in previous paragraphs) led to HSE research on the perception and use of OELs in industry (HSE, 1997; Topping et al., 1998) . This research showed that a vast majority of businesses in GB were unaware of OELs and consequently they played no part in the decisions they made on what control measures to use. A similar finding has been mirrored on an international scale and particularly in developing countries (Walters et al., 2003; WHO, 2004) . The implication of the findings was that although occupational hygienists and large firms had been making use of OELs, there was a need to look at the role of OELs in worker health protection and restrict the setting and use of OELs to widely used substances of concern (Topping et al., 1998) .
In light of the evidence, HSE explored options to provide practical control advice to employers, in particular SMEs. In order to achieve the objective, HSE set up a tripartite (Government, industry, and trade unions) working group and tasked them to come up with practical solutions. Based on the work of this group, HSE proposed the 'target airborne concentration ranges'-otherwise known as Exposure Range Bands (ERBs)-for five health hazard groups (HHGs) based on R-phrases (Brooke, 1998) . The ERBs were established following an analysis of 111 GB health-based OELs. Using the ERBs, HHGs, and use patterns as a basis, HSE went on to propose the COSHH-Essentials (C-E) control banding tool for exposure assessment as well as selection and use of engineering control measures for the control of inhalation exposure (Russell et al., 1998; Brooke, 1998; Maidment, 1998; HSE, 2009; HSE, 2016a) .
During the last 15 years or so, the application and use of a control banding approach, based on the C-E principles, has been adopted in many parts of the world (ILO, 2006; Marquart et al., 2008; HSE 2009; Schenk and Palmen, 2013) . It now also includes the selection and use of respiratory protective equipment (RPE; NHS Scotland, 2015) , chemical protective coveralls (BSI, 2001) , and the assessment of effectiveness of local exhaust ventilation (HSE, 2011a) . In addition, the C-E approach has been further developed to assist with skin-exposure control, first aid, and dealing with minor chemical-related emergencies at work (Warren et al., 2003; Garrod and Rajan-Sithamparanadarajah, 2003) . Nicas (2006a, 2006b) recommended that the parameters associated with the C-E control banding approach should be further validated and the numerical concentration limits of the ERBs be readily available to the users. Zalk and Nelson (2008) suggested that re-evaluation of the C-E banding approach would be of great benefit to the reliability of existing and future control banding models. Since then, R-phrases have been superseded by the Globally Harmonised System (GHS) Hazard-statements (H-statements) and the HSE (2009) has allocated H-statements to C-E HHGs so as to help the users of C-E.
Objectives
This paper extends the original validation exercise (Brooke, 1998) 
Methodology

Sources of data
Exposure limit values from a number of bodies were used in the analysis. These were:
-GB-OEL list of Workplace Exposure Limits, EH40 (HSE, 2011b) for 490 chemical and process-generated substances. Only the 8-hour time-weighted average limits were used in this analysis. -USA lists of exposure limits for chemical substances from:
• NIOSH list for 680 substances (see NIOSH, 2010).
• OSHA list for 900 substances (see NIOSH, 2010 ).
• AIHA (2014) list for 120 substances.
• ACGIH (2012) list for 680 substances (Casserly, 2006 ). and Labelling (C + L) inventory database (ECHA, 2015) , extending to 12 000 substances, about 4000 of which have EU harmonized H-statements. For non-harmonized substances, C + L inventory registrants' notified listings were examined and then consensus H-statements (i.e. all those that were given for 90-95% of available submissions for a given substance) were identified by the authors.
Numbers of entries given above are approximate, potentially including duplicates. All entries in the nine separate listings were initially examined, but only those substances that met the following criteria could be included in the comparative analysis. The substance must:
-be listed by more than one of the nine authorities; -be uniquely identifiable by either CAS number (for example 4,4'-diaminodiphenylmethane in the German MAK list is also called 4,4'-methylenedianiline or MDA in GB-OELs, but all have a CAS number of 101-77-09) or, where these were not available, by name (e.g. insoluble nickel compounds; grain dust); -not be duplicated within any one authority list (for example calcium carbonate, marble and limestone are all listed separately in GB-OELs).
For direct comparability of limit values in the different lists, conversion to/from ppm and mg/m 3 was required in some cases, depending on the usual physical state (gas/ vapour or particles/mists, respectively) of the substance in air. This conversion assumed 1 atmosphere pressure and 25°C temperature, and used the molecular weight of the substance. In all, from the total of around 5745 entries in the lists, these criteria were met for 850 different substances, entries for which were then accumulated into a single spreadsheet. For each of these substances, H-statement classifications were identified, noting whether the classification was harmonized or not. Based on the relevant H-statements, each substance was then allocated to the relevant C-E HHG A to E as per Table 1 , which is derived from information in HSE (2009).
Exposure limit values for each listed substance were then examined. Two benchmark values were specifically identified on which to base further analysis:
• The lowest limit value for each substance extracted from any of the nine lists (lowest OEL). This approach would provide a rigorous test to examine the ERBs.
• The GB Workplace Exposure Limit (HSE, 2011b) (GB-OEL). This approach is needed to make a direct comparison of the original validation exercise (Brooke, 1998) .
Ratios were calculated for each of the listed substances using the corresponding benchmark values (i.e. either the lowest OEL value for the nine lists, or the GB-OEL value). These were accumulated on a spreadsheet. Additionally, the benchmark values were compared with the relevant ERBs for each of the allocated health hazard groups (see Table 1 ), identifying whether the benchmark values exceeded, fell within or were lower than the relevant ERB. A separate comparison for HHG E substances (for which no numerical limits exist as no 'safe' level of exposure has been identified) was carried out, based on the HHG D upper concentration limit. Subgroups of the 'all substances' list were analysed separately to give information on one or more of the following sub-categories:
• Substances in gas/vapour form in air (ppm).
• Substances in particle/mist form in air (mg/m 3 ).
• GB-OEL listed substances.
• EU harmonized or non-harmonized H-statements. Finally, 100 substances from the GB-OEL list which also had listed EU-DNELs, were identified. This subset of the DNELs was used because we required equal numbers of substances for each of HHGs A to E, for both ppm and mg/m 3 substances. Using GB-OELs as the comparison group, this limited the total number of DNELs that could be used to 100, the maximum number possible in one of these subgroups being 10. Substances were selected by examining sequentially the GB-OEL alphanumeric lists for each of the subgroups, until 10 were identified that also had EU-DNELs. The benchmark values for these substances were also compared with C-E ERBs, identifying whether the benchmark values exceeded, fell within or were lower than the relevant concentration range.
Results of the analysis are summarized in the same tabular form as used by Brooke (1998) .
Results
OEL ranges
For all substances analysed (850 in all), comparison of values relative to the lowest benchmark value shows that in almost half (44.4%) of cases there is disagreement between OEL-setting bodies, and that the observed ratios extend to 1100 (see Figure 1) , i.e. up to three orders of magnitude difference in the exposure limits set by different bodies for the same substance was observed in some cases. See also the Supplementary Material online accompanying this paper.
For GB-OEL substances (491), the observed ratio to other listed values spreads over four orders of magnitude (±2 orders for different substances) relative to GB values (Figure 2 ). Only 30 (6%) of the 491 substances, in the other 8 lists, have the same value as in GB-OELs. Tables 2-4, and Supplementary Tables S-3 and S-4 accompanying this paper, summarize the comparisons between HHGs A to D and benchmark OELs (i.e. from GB-OEL list, and the lowest OEL). Results are provided for all substances within a given population, i.e.
Comparative assessment of ERBs
(i) All substances for which more than one authority lists an OEL; (ii) GB-OEL substances only; or (iii) 80 substances listed in GB-OELs for HHGs A to D, and for which a DNEL is also available (we limited the number of substances to 80 in this instance).
The above analysis is presented separately for particles and gases/vapours, and for harmonisation status of H-statements. Each of these tables comprises two parts: Part A provides data for individual HHG ERBs; Part B gives overall results for all ERBs. The final row of each parts A and B indicates (in bold text) the proportion of the dataset and sub-division for which the ERB approach would provide equal or better control than the OEL values being compared. As shown in Table 1 there is no ERB for HHG E, and no lower limit (i.e. non-zero value) for HHG D. Table 5 Figure 2. Ranked distribution of ratios to the GB-OEL for the lowest OEL value quoted by any of eight other OEL-setting bodies. A total of 491 substances considered.
assesses ERB for substances in HHG E within identified datasets in comparison with both the upper limit of the ERB for HHG D, and one-tenth of this value for comparative purposes only (i.e. further extending the progression of bands A to D).
Discussion
Range of OELs
In common with the findings of several other researchers (Cherrie, 1986; Schenk, 2010; Scheffers, 2015; Tynkkynen et al., 2015) , Figures 1 and 2 clearly demonstrate the very wide differences that can exist between OELs set by different bodies for the same substance (for example, for arsenic compounds individual ratios to the lowest OEL of 1, 5, 25, and 50; for formaldehyde individual ratios of 1, 19, 31, 47, and 63; for 2-methoxyethyl acetate individual ratios of 1, 10, 50, and 250). These illustrations further support the statement by ACGIH (2016) that OELs are 'not fine lines between safe and dangerous concentrations'. In other words, OELs can be associated with wide confidence limits.
Reasons for these variations have been explored by others (Walters et al., 2003; Howard, 2005; Deveau et al., 2015) and include:
• markedly different approaches to the setting of OELs between authorities,
• varying requirements for supporting scientific evidence, • variation in the development and/or application of uncertainty factors, • may have been set at different times and the availability of information at the time of setting, • PESTLE influences.
The differences also reflect the varied detailed scopes and purposes of the different OELs being considered (e.g. threshold limit value, recommended exposure limit, permitted exposure level, ceiling limit, workplace or environmental exposure limit). Even if some employers were aware of the existence of different types of OELs, the subtleties associated with them will not necessarily be apparent to the majority of employers, particularly those who do not have access to professional occupational hygiene advice. Given the widespread lack of knowledge and understanding of OELs that has been reported in both developed and developing countries, and particularly among SMEs, (HSE, 1997; Topping et al., 1998; Walters et al., 2003; WHO, 2004) , this spread of possibly 'acceptable values' has significant potential to add to the confusion, and to result in avoidable exposures. They are not helpful for the globalized economy and the workforce that works across national boundaries. This issue of variability, however, can only apply to the relatively limited proportion of Table 2 . All substances with OEL listed by more than 1 of 9 bodies. Comparison between ERBs and LOWEST OEL, by substance type. Numbers in brackets = % by ERB, rounded to nearest whole number. substances (about 3000 worldwide) for which any OEL has been set. A further issue is that traditional OELs are set as averages for 8-hour or 15-minute TWA periods based on a 40-hour working week or as ceiling limits. This traditional 8-hour and 15-minute concept may not be valid for a significant majority of workers and working patterns in the 21 st century. Also, significant exposure to chemicals takes place in environments where exposure does not happen for 8 hours nor on a regular basis. Today, there are 30% part time and temporary workers, and three quarters of a million zero hours (no fixed hours, work as required) contract workers, in the UK workforce of around 33 million (ONS, 2015a and b). Regulatory authorities provide guidance on how to compensate and correct the application of OELs for such factors (Safe Work Australia, 2012; Safe Work Manitoba 2009; HSE, 2011b), but there is little reliable prospect that end-users in industry would apply such corrections.
As recently pointed out by Deveau et al. (2015) , OELs only exist for a very small proportion (less than 5%) of current commercially available chemical substances. Based on the current experience, the prospect of setting OELs for all hazardous substances in use according to traditional methods is negligible. New and potentially quicker approaches for a multi-tiered OEL-setting process are under development and were reviewed by Maier et al. (2015) as part of a special issue of Journal of Occupational and Environmental Hygiene dedicated to this topic. However, they will only be useful for occupational hygienists who have the capability to understand and interpret the subtleties. The separate papers within that issue all highlight the need for harmonisation and transparency of OEL-setting methodologies and proper validation of the methodologies used. These processes will still involve significant time, resource and effort to complete, and the cost of doing so for all substances in wide industrial use would probably be beyond the capacity of any individual nation, let alone single companies. Harmonized OELs seem to be an unlikely prospect-in the USA there have been over four OEL-setting bodies working separately for decades and a similar situation exists between many of the separate countries within Europe. The economic impacts for setting single OELs in the United States ranged from $300 M to $4000 M at 1981 costs (Cherrie, 1986) . Against this background, we have the situation where regulatory authorities recommend that where OELs do not exist, employers should set their own in-house OELs (Safe Work Manitoba, 2009; HSE, 2011b) .
However, the universal legal and ethical imperative is for adequate control of exposure to hazardous chemicals, regardless of whether or not an OEL is available.
Comparison of ERBs and exposure limit datasets
Using the lowest listed OEL as the benchmark for comparison with ERBs represents a rigorous assessment against the current state of the art of OEL setting. No judgement is made here on whether these lowest listed OEL values are justified and actually measurable or achievable in the workplace. An OEL which does not meet the latter two criteria is of no practical use.
The further assumption is that the comparative performance assessment of the ERB approach will be mirrored for substances for which there is no OEL. There is no reason to believe that this assumption is false for substances which can properly be classified under the GHS. An examination of the summary data in Tables 2-4 and  Supplementary Tables S-3 and S-4 reveals some consistencies and differences between the datasets considered. In general:
• Inhalation exposure to around 90% or more of substances overall can be equally or better controlled using the ERB approach than by applying either the GB-OEL (Table 3) , or the lowest of the OELs considered (Table 2 ). However, 'better' may imply some level of overprotection requiring unnecessarily expensive control measures. Comparison with the lowest of all listed OELs represents a rigorous test. Comparison against any other dataset, e.g. from a single OELsetting body, will by default result in more protective ERB relative performance overall.
• Inclusion of all GB-OEL substances in the comparison (perhaps coupled with the change from R-phraseto H-statement-based classification of ERBs) gave marginally poorer overall performance than was observed by Brooke (1998) for a sub-sample of 111 substances from this dataset. Brooke (1998) found 100%, 97%, and 98% equivalence or better respectively for particles/mists, gas/vapour, and overall. This work has found 96%, 91%, and 93%, respectively. The 111 substance OELs originally considered by Brooke were all health-based; the current full GB-OEL list of 491 substances contains many OELs that have been based on evidence other than health. Despite this, there is still very good equivalence or better between OELs and ERBs.
• In this analysis, the ERBs perform marginally better for particles/mists than for gas/vapour substances, as observed by Jones and Nicas (2006a) . This may indicate that one or more of the C-E ERB lower concentration boundaries for gas/vapour challenges may currently be set a little high. Similar observations of the different performance for these two types of airborne challenge have been reported and quantified by Scheffers and Weiling (2015) . Because of the broad distribution of lowest OELs within these bands, to achieve approximately 90% coverage of the lowest OEL for all gas/vapour substances for ERBs A and B, the respective lower ERB limits would need to be reduced to 5 and 0.5 ppm. This would have knockon effects for ERBs D and E, and probably introduce significant practical difficulties for occupational hygienists, industry, and regulators alike. There is of course, no guarantee that such low values are actually justified for substances in ERB A and B. Scheffers et al. (2014) have analysed the allocation of H-statements to ERBs for three different established banding systems. They conclude that for gas/vapour substances the allocation used by C-E does not give the best OEL coverage, and argue for harmonisation of H-statement allocations. Arnone et al. (2015) have proposed a more comprehensive and holistic H-statement to ERB allocation scheme taking account of all the differing routes of possible exposure, specifically geared towards supporting the principle of substance substitution. These alternative allocation schemes may result in more appropriate and accurate estimations of chemical risk for the purposes of control, but will require detailed specific study, and international consultation and agreement before they can be considered for adoption. In any case, pragmatism and practicalities have to be taken into account.
• Based on the OEL comparison reported here, the ERB approach is in general 'more protective' against higher hazard substances (bands C and D) than for lower hazard substances (bands A and B), noting that HHG-A substances are mainly hazardous to skin and eyes through contact.
• Little or no difference was found between the level of equivalence or better exhibited for ERBs A to D, or overall, based on harmonized or non-harmonized H-statements (see Supplementary Table S-3, available at Annals of Work Exposures and Health) . This is an encouraging finding as it suggests that there is sufficient consistency in the way the classification and labelling criteria are being applied to have confidence that the H-statements identified in safety data sheets provide a reliable basis from which to determine control strategies.
• Based on our limited selection of 80 substances from the GB-OEL dataset (Table 4) , the comparison between C-E ERBs and DNELs appears to follow very similar patterns to those described above for OELs. This is perhaps unsurprising, as both DNELs and the H-statements on which ERBs are based are essentially derived from the same data set.
For substances allocated to the HHG E ERB (carcinogenic or asthmagenic substances), Table 5 illustrates the level of control that would be exhibited by assum- Table 3 . GB-OEL substances only. Comparison between ERBs and current GB-OELs, by substance type. Numbers in brackets = % by ERB, rounded to nearest whole number. ing ERB E upper concentration limits either equal to those of ERB D or one-tenth of that value. For the datasets considered at least half, and in two cases up to 90% of substances (for particle/mist substances against GB-OELs or DNELs), would be equally or better controlled if the upper limit of ERB E was identical to ERB D. For ERB E there is no apparent difference between harmonized and non-harmonized substances; the observed proportions for the GB-OEL list and DNELs are identical.
If the ERB concentration for this group were to be set at one-tenth of the current limit for ERB D, the proportions of OELs or DNELs that exceed this value increase substantially, never falls below 78% and extends to 100% in some cases. For ERB E substances assessed against this concentration limit, there is a suggestion that harmonized H-statement substance lowest OELs may be more stringent than those for non-harmonized substances, with 26% fewer of them exceeding this limit. Again, at this level the proportions for GB-OELs and DNELs are identical. The lower performance against gas/vapour substances than for particles/mists that was observed for ERBs A to D is again apparent throughout all the datasets considered in this part of the analysis.
For the 10% or fewer of substances for which OELs were more stringent than ERBs, the distribution of applicable H-statements was examined for clues as to why this might be the case. There was no obvious unique identifying factor, but in comparison with the H-statements for all substances, overall they exhibited substantially lower occurrence of H-statements H312 (harmful in contact with skin), H317 (may cause an allergic skin reaction), and H318 (causes serious eye damage). These statements are of very limited relevance to inhalation exposure, which OELs are primarily set to control. It appears that the C-E ERB approach, by taking these non-inhalation hazards into account when allocating substances to bands may provide more holistic protection overall, possibly mitigating any tendency to overprotection. The same factors are likely to apply to the observed high proportion of instances where DNEL > ERB in Table 4 .
We consider that at-source control measures can be developed by combining the ERBs and the associated task, human, and environment factors in the workplace. This is being done through the C-E control guidance sheets (HSE, 2016b) . If at-source controls are insufficient to achieve adequate control, RPE may still be required. NHS Scotland (2015) , in conjunction with HSE, has demonstrated that the ERBs can also be applied satisfactorily for the selection of adequate and suitable respiratory protective equipment so long as environment and wearer requirements are taken into consideration (Vaughan et al., 2016) .
Consequences of these findings
Numerical levels (OELs and DNELs) are set with a variety of names and purposes by different bodies. This diversity of approach, and the observed broad varying range of recognized OELs, is not conducive for a globalized economy where multinational companies operate, or to ensure uniform standards for employees in different countries or those who work across national boundaries. For these and other reasons, industry is seeking global harmonisation (Tijssen and Links, 2002; ICMM, 2006) .
Recognising that about 95% or more of current commercial chemicals have no associated OELs, and that there is no prospect of these being developed in the medium term, industry in general and SMEs in particular, need immediate alternative approaches to ensure they are able to comply with their duty to control exposure. This view has support across the globe (Rühl et al., 2002; ILO, 2006; Money et al., 2006; NIOSH, 2009) . The advent of the GHS for classification of chemicals has offered an opportunity to consolidate a uniform approach to exposure control and ERBs. Until such time, the C-E/ILO/IOHA ERBs remain a practical complementary or alternative approach for exposure assessment, monitoring, and identifying exposure control measures.
Using benchmark OELs for the basis of a rigorous test and for GB-OELs specifically, the ERB approach, based on H-statements, is shown to provide equivalent or better control for 90% or more of those substances which have an OEL. It is anticipated that the same level of performance would be achieved for other substances. The control banding approach can provide both a simplified route to identifying adequate control measures, and a basis for exposure assessment and monitoring.
Concentration of resources for setting OELs on substances within HHG E, and relying on the ERBs for substances in HHGs A to D, would go a long way towards improving worker health protection. It may also allay the fears of those who may perceive that the absence of OELs and exposure monitoring could reduce worker health protection and could cause the demise of the occupational hygiene profession. Given the context of OELs variabilities, (as illustrated in this paper), in association with the perception/understanding, extent of use, the cost of setting them and the number of OELs available (Cherrie, 1986; Voullaire et al., 1995; HSE, 1997; Bartels, 1998; Topping et al., 1998) , we consider that it is practical and prudent to continue using the C-E ERBs for many thousands of chemicals, including those substances without OELs.
We consider, based on the information presented in this paper, that the widely used control banding approach with its appropriate but broader-brush ERBs can be used much more widely and effectively than OELs. This is supported by the benchmarking approach adopted by the HSE in the form of C-E control guidance sheets, which take account of these ERBs.
Conclusions
OELs can provide a point of reference for employers to use as part of a risk management process. However, we should not lose sight of the fact that the fundamental objective for reducing exposure to harmful substances and therefore reducing occupational ill health is effective risk management, with emphasis on the application of adequate control measures.
Developing new OELs is complex, costly, and timeconsuming and, to date, OELs have been produced for relatively few of the many substances that are currently in use. The target airborne concentration ranges or ERBs may appear to be less precise than a discrete numerical OEL value (which itself is often the product of imprecise and incomplete data, and often the application of PESTLE and uncertainty factors). This validation exercise has shown that ERBs remain relevant for identifying adequate control measures, targeting exposure assessment and monitoring, for the vast majority of hazardous substances (i.e. the 95% of substances without OELs).
C-E uses a codified approach, agreed by stakeholders, to build on the many years of problem-solving by occupational hygienists. It uses this knowledge, intelligence, and experience to identify adequate control measures for workplace tasks, for many of which, substantial exposure data exist. It would be prudent for employers to prioritize limited resource on implementing adequate control measures where these have already been identified rather than on monitoring, unless a valid reason, such as a legal duty, has been identified. The evidencebased C-E control approach is suitable for tasks involving chemicals with and without OELs and makes it more achievable for small and medium-sized employers with very limited resource available to protect their employees from harmful effects.
As the GHS for hazard classification is maturing, this study shows that there is a clear opportunity for global adoption of the C-E ERBs. This would help SMEs, the globalized market and worker health protection across the globe as well as providing the potential for making significant savings.
Those involved in the development of OELs may consider that resources for setting OELs could be focussed on substances meeting the criteria for allocation to the HHG E and relying on the ERBs for those substances in HHGs A to D.
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